SI 1 -List of symbols
. Evergreen and drought-deciduous strategies are indicated by subscript = and , respectively; deciduous invaders in an evergreen community and vice versa are indicated by subscripts → and → , respectively; dry and wet seasons are denoted by = and , respectively.
Symbol
Description Units , Net C assimilation per unit leaf area and day μmol m -2 d -1
Maximum photosynthetic rate per unit leaf area (Table S2) μmol m -2 d -1
, ,
Net C assimilation for constant equal the minimum value attained during the dry season (− for an community, () for → , and 0 for and → ). Soil moisture at incipient C assimilation reduction (Table S2) Soil moisture at stomatal closure (Table S2) Specific leaf area (Table S2) 
SI 2.1 Soil water balance equation
The temporal evolution of soil moisture ( ) averaged over the active rooting zone ( ) can be described through a mass balance equation as
where n is the soil porosity, ( ) is the input via (unpredictable) rainfall, [ ( )] is the loss of soil moisture from the rooting zone via evapotranspiration, and [ ( ), ] includes the surface runoff and deep drainage. This water balance is to be interpreted at the daily time scale; all fluxes are expressed on a per unit ground area basis.
Vegetation reacts to soil water status by regulating the stomatal aperture and thus reducing transpiration at low soil moisture. To retain analytical tractability, the evapotranspiration rate is described by a piecewise linear function of soil moisture ,
where is the maximum evapotranspiration rate per unit ground area (occurring when = 1 ). In evergreen vegetation,
[ ( )] is reduced to 0 at the soil moisture level corresponding to the plant wilting point ( ), when stomata are completely closed and below which water losses are assumed to be negligible, i.e., = . Conversely, drought-deciduous species shed their leaves in response to water stress when soil moisture reaches a threshold =, below which evapotranspiration becomes negligible (Fig S1A) , i.e., =̃≥ . The effect of a change in leaf area on ET is thus limited to dry conditions when leaves are shed. The leaf shedding threshold ̃ is an intrinsic property of the plant species and reflects its leaf and stem hydraulic traits and water use strategy (Méndez-Alonzo et al. 2012 , Wolfe et al. 2016 . Losses via surface runoff and deep drainage are modelled as in Porporato et al. (2004) : any amount of water exceeding a threshold 1 (slightly higher than field capacity) is assumed to drain from the soil profile or contribute to surface runoff at time scales much shorter than a day, allowing to describe these processes as instantaneous.
Figure S1
Response of A) evapotranspiration flux and B) leaf level net CO 2 assimilation rate to soil moisture for drought-deciduous and evergreen species (solid red lines and dashed green lines respectively). All the parameter values are listed in Table S2 .
Under the stochastic steady state of the wet regime (i.e., during the wet season in seasonally dry climates and throughout the year in aseasonal climates), rainfall occurrence is idealized as a Poisson process (with average frequency ). Rainfall event depths are exponentially distributed, with mean depth . Hence, the rainfall input ( ) in Equation (1) is random and the equation must accordingly be treated as a stochastic differential equation.
The dry period in seasonally dry climates is idealized as completely devoid of rainfall, such that soil moisture decreases due to . Because is a linear function of (Equation (2)), soil moisture declines exponentially in time, starting from the soil moisture at the end of the wet season, 0 :
In principle, here could have a different value from the normalized evapotranspiration rate during the wet season, because the evaporative demand may exhibit a seasonal pattern coordinated with rainfall, but for simplicity this difference is not considered in what follows. This simplifying assumption is reasonable in tropical climates with moderate seasonality in temperature, but would not hold in seasonally dry temperate climates with a cold winter season (e.g., in Mediterranean climates). This exponential decline may continue until the beginning of the following wet season for evergreen vegetation, whereas in drought-deciduous species it is interrupted at ̃ by leaf shedding. For drought-deciduous species, the time of leaf shedding is the time at which the threshold =̃ is crossed, i.e., ̃= 1⁄ log
While this dry down is deterministic, its initial condition is the result of the (unpredictable) history of storms during the wet season and, as such, With these assumptions, it is possible to obtain the probability density function (pdf) of soil moisture for the stochastic steady state during the wet season and its evolution during the dry season, as an analytical function of leaf phenology (), rainfall regime ( and ) and plant and soil features ( 1 , , ). For drought-deciduous species, it is also possible to obtain the distribution of leaf durations, ̃ (see SI3 for details).
SI 2.2 Vegetation carbon economy
The annual plant net carbon (C) gain ( ) represents the amount of photosynthate available for growth and reproduction after accounting for the C costs of leaf construction and xylem embolism repair. It is quantified as the difference between the total net annual C assimilated via photosynthesis (including also losses via leaf respiration, minus costs for xylem repair) during the wet and dry seasons ( 
The different terms in Equation (4) are described below. Because of rainfall stochasticity, not only soil moisture (Equation (1)), but also the soil moisture-dependent terms in Equation (4) need to be treated as random variables. Hence, to characterize the long-term average plant fitness, we calculate the ensemble average total net C gain, 〈 〉, as the sum of the ensemble averages of each term in Equation (4) (Equation (1) in the main text).
The total net C assimilation during each season (
) is the time-integrated product of net C assimilation rate and leaf area index over the duration of each season ( or ). In turn, net C assimilation rate and leaf area index are impacted by soil water availability, as described next.
Different mechanisms limit photosynthetic rate as soil water availability changes (Lawlor and Tezara 2009, Vico and Porporato 2008) , but leaf gas exchange measurements (Fig. S2A) suggest that the leaf level gross photosynthetic rate is close to its maximum ( ) when soil moisture is above a certain threshold ( * ), and decreases linearly below this threshold, with negligible C assimilation after stomata closure ( ).
An additional mechanism potentially influencing the net C balance (and hence fitness) of trees exposed to droughts is the potential cost of embolism repair and hydraulic conductivity restoration, should cavitation occur. The understanding of the mechanisms of embolism repair is still limited (Brodersen and McElrone 2013) and, as a result, the associated C costs have been neglected in plant C economics models. Only very recently, Wolf et al. (2016) included the direct cost of the repair of embolyzed xylem in an optimal stomatal model, postulating that the C cost of hydraulic damage grows quadratically with decreasing leaf water potential. In order to explore the potential role of such additional costs, here we stipulate that i) plants may incur in such costs only when soil moisture is depleted below the level on incipient C assimilation reduction, * ; ii) the magnitude of such cost increases linearly with decreasing soil moisture, reaching a maximum when soil moisture reaches ; and iii) that such cost is proportional to the amount of leaves, i.e., leaf shedding will effectively stop the accumulation of this cost. This last assumption takes into account in a simple way that shedding leaves stops transpiration and restores plant water potential to values less negative than those causing cavitation.
On the basis of these assumptions, the daily net C assimilation rate per unit leaf area, , ( ), can be approximated by a piecewise function of soil moisture ( Fig. S1B ):
Here, = for evergreen species and =̃ for drought-deciduous ones (as in Equation (2)), is the gross photosynthetic rate under well-watered conditions per unit leaf area, ℓ is the fraction of the day during which light conditions are not limiting photosynthesis, ℎ and are the light and dark leaf respiration rates (together accounting for leaf maintenance costs), and is the maximum direct cost of repairing the embolyzed xylem per unit leaf area, occurring when = . The leaf respiration rates are assumed to be independent of water availability. The costs of repairing the embolyzed xylem is still highly uncertain and hence it will be the subject of a specific sensitivity analysis (see SI6). Figure S2 . A) Relation between soil moisture and net photosynthetic rate in tropical trees with contrasting phenology. Net photosynthetic rate is normalized by the value under well-watered conditions and soil moisture is normalized to range between 0 (where photosynthesis is completely inhibited) to 1 where the maximum rate is attained (based on the piecewise linear Equation (5)). Data points are gas exchange measurements obtained during experimental drying for about 20 species (Chen et al. 2010 , Gindaba et al. 2004 , Ngugi et al. 2004 , Stahl et al. 2013 . Soil or pre-dawn water potential levels were converted to relative volumetric soil moisture values using a Campbell water retention curve for sandy clay soil with water potential at saturation of -0.0016 MPa and an exponent b=9.59 (Fernandez-Illescas et al. 2001 ). B) Leaf-level traits in deciduous (including brevi-deciduous) and evergreen species from tropical dry forests; only measurements taken during the wet season are considered (data from literature sources compiled by Vico et al. (2015) ). C) Soil moisture thresholds for CO 2 assimilation reduction ( * ) and cessation ( ) in deciduous and evergreen species (based on data from panel A). In panels B and C, horizontal red lines are median values, boxes extends from the 25 th to the 75 th percentile, and whiskers cover the whole range of observed values.
The total plant-level assimilation during the season Y (wet or dry) can be then obtained by multiplying , by the leaf area, and integrating over leaf duration ,
where is is the leaf area per unit ground area of the fully developed canopy and is a unit conversion factor to go from μmol m -2 s -1 to gC m -2 d -1
. The leaf area index is over the whole year for evergreen species, while for drought-deciduous species it changes from 0 to with leaf flushing, and viceversa with leaf shedding. For the wet season, the integral in Equation (6) is taken over the whole season, i.e., = (this applies also in the case of dry spells during the wet season, when drought deciduous species may shed their leaf). For the dry season, the integral extends over the period during which plants maintain leaves during parts of the dry season of duration . For evergreen species, = , as here we do not consider the case when evergreen species may shed their leaves under extreme drought conditions, near the point of lethal water stress. Conversely, droughtdeciduous species may shed their leaves before the end of the dry season due to lack of water, i.e., = min�, �, where ̃ represents the duration of the soil moisture decline from the initial condition of the dry season, 0 , to the leaf shedding threshold ̃ (Equation (3)). Because soil moisture during the wet season and at the beginning of the dry down ( 0 ) are random variables, , is a derived random variable calculated from the distribution of daily soil moisture during the wet season, and , is a derived random variable obtained from the distribution of 0 , as described in SI 3.
The total annual C cost of leaf construction, , is modeled as
where ℎ the number of leaf flushing per year, is the specific leaf area, the leaf C fraction, and the yield (or C use efficiency) of leaf construction (Givnish 2002 . Evergreen species are assumed to exchange leaves continuously, so that the cost of leaf construction is distributed uniformly in time. The number of leaf flushings per year is generally lower than one and is linked to leaf longevity by the relation,
Conversely, deciduous species shed leaves when soil moisture reaches ̃ and, for opportunistic species, a new leaf cohort is flushed upon rewetting (with the associated C costs). Leaf shed and flush may occur multiple times per year. Under stochastic steady state (i.e., during the wet season), the number of leaf flushing events is equal to the number of crossings of the soil moisture threshold , as driven by the alternation of random dry spells and rainfall events. Over the whole year, the frequency of flushing is ℎ, = ℎ , , +1, which accounts for the possible flushings needed after extended dry spells during the wet season (occurring with frequency ℎ , , ) and the additional leaf flushing always occurring after the end of the dry season. Drought-deciduous leaves are assumed to last at maximum one year. This is a realistic assumption unless ≳11 months (see SI3.1 for details). It follows that the actual leaf duration for drought-deciduous species is an emergent property of the system, depending on the interplay among rainfall amount and timing, soil features and vegetation water use patterns, and may be significantly shorter than the expected leaf longevity, . Figure S3 . Dependence of A) maximum photosynthetic rate per unit leaf area, (Equation (8)), B) specific leaf area, (Equation (9)), C) leaf area of the fully developed canopy, (Equation (11)) and D) N concentration per unit leaf area, (Equation (12)), as a function of the (expected) leaf longevity, , for two levels of N availability (solid line: = 4 gN m -2 ; dashed line: = 2 gN m -2 ). All the other parameter values are as in Table S2 .
SI 2.3 Parameterization of leaf and plant traits in relation to leaf phenology
As apparent from the coupled model of soil water availability and net C assimilation, the vegetation C economy is directly influenced by a number of leaf and plant traits, specifically maximum photosynthetic capacity, ; leaf respiration rates, and ℎ ; specific leaf area, ; leaf area index of the fully developed canopy, ; (expected) leaf longevity, ; active rooting depth, ; maximum evapotranspiration rate, ; soil moisture levels beyond which photosynthesis is reduced and completely ceased ( * and , respectively); and, for drought-deciduous species, soil moisture threshold leading to leaf shedding, . Most of these traits are correlated across a broad range of species and growth conditions (Wright et al. 2004) , and co-vary with the leaf phenological strategy. Thanks to these correlations, , , and can be related to leaf longevity. Other traits, such as , ℎ , and the C cost of leaf construction, can be also calculated as a function of leaf properties (Equation (7)).
The relations between and , and leaf longevity can be expressed as (following the scaling relation reported by Wright et al. 2004 ),
where is expressed in μmol m -2 s -1 , is in months, and is in m 2 g -1
. These relations imply that long-lived leaves tend to have lower photosynthetic capacity and thicker lamina compared to short-lived ones (Fig. S3A,B) . Moreover, based on observations, leaf dark respiration rate is related to as,
and the leaf light respiration is assumed to be ℎ ≅ 0.7 × (Givnish 2002 , Wright et al. 2004 ). It should be noted that traits are here expressed on a leaf area basis. Leaf mass-based relations are typically stronger, but in our case leaf area-based relations allow for an immediate coupling to the leaf area dynamics, which are described by our model.
Equations (8)- (10) link leaf functional traits to each other, providing a first set of constraints to parameter values. In addition to these constraints, nutrient availability may also play a role by setting limits to the amount of leaves that can be supported. To account for this nutrient-related constraint, we set the net amount of nitrogen (N) that can be allocated to leaf production at a given site per year ( ). Higher values of indicate more fertile sites or higher plant N uptake capacity. The amount of available N is assumed to be uniformly distributed to leaves based on the N concentration per unit leaf area ( ), the leaf area index, and the number of leaf flushings per year ( ℎ ),
Equation (11) states that the lower the leaf N concentration, the higher the leaf area that can sustain for a given leaf phenology ( ℎ ). To maintain a concise parameterization, we finally link to leaf longevity as (Wright et al. 2004 ),
where is expressed in gN m -2 and is in months.
Based on the above parameterization, evergreen species, having more durable leaves, have lower and are predicted to exhibit higher leaf area index than deciduous species, and lower assimilation rate and specific leaf area (Fig S3) . This result is in line with observations of higher maximum assimilation rate, , and in drought-deciduous species than evergreen ones, despite large variability in (Fig. S2B ) and some observations contrasting this pattern (Eamus and Prichard 1998) . Similarly, drought-deciduous species exhibit a higher Prichard 1998, van der Sande et al. 2016) . Furthermore, ground observations, satellite data and model results suggest that tropical forested ecosystems dominated by evergreen species have larger peak leaf area index than those dominated by drought-deciduous species under comparable climate (Asner et al. 2003 , Hély et al. 2006 , Myneni et al. 1997 ). However, it should be noted that in this simplified model any increase in available N for leaves only increases LAI (Fig. S3C) . Such an assumption represents one of the two end-member responses to available N, the other being that depends directly on available N and LAI is independent of site fertility. Some observations suggest that fertilization may indeed increase , while leaving unaltered other leaf traits (Laclau et al. 2009 ). Nevertheless, other experiments point to a more complex response of leaf and plant traits, with fertilization leading to an increase in and Bazzaz 1995, Cordell et al. 2001) and in some cases even a change in leaf longevity (Bucci et al. 2006 , Villagra et al. 2013 , Wright et al. 2004 . Our leaf N model was designed to constrain trait parameter values, but a fully coupled dynamic model of N cycling would be needed to capture in full the effects of changes in . Nevertheless, employing the mechanistic links between leaf level traits and N availability summarized above represents a step forward with respect to the argument adopted by Givnish (2002) .
Beyond the experimental evidence linking leaf phenology and key plant traits, model simulations show that assuming the same trait values regardless of phenology leads to unrealistic results. In particular, under most climatic conditions drought deciduousness emerges as the best-performing strategy (not shown), in contrast to observations of evergreen dominance in tropical regions with prolonged wet seasons (or in aseasonal climates). The model predictions become more realistic when the differences in plant traits often associated with differences in leaf phenologies are accounted for as described above. In this case, the model predicts that evergreen species are more productive for ≳ 5 months (Fig. 2  in the main text) and it well represents observations (Fig. 3 in the main text) . Hence, N economy is a necessary aspect to consider when aiming at defining the most productive leaf phenological strategy.
The leaf longevity in Equations (8)- (12) depends on the leaf phenological strategy. In evergreen species, leaf longevity is set and functionally related to the frequency of leaf flushing, i.e., ℎ, = −1 . In deciduous species, leaves are constructed by the plant to have longevity , but longer or shorter dry spells in the wet season may cause more frequent flushings than with frequency −1 , depending on the particular sequence of rainfall events in that year. In this sense, for drought-deciduous species, represents the 'expected' leaf longevity, which depends on the average hydro-climatic conditions and the plant water use. Here, we assume that drought-deciduous leaves are constructed to withstand the whole wet season plus the time necessary for soil moisture to decline from 1 to the leaf shedding threshold, , i.e.,
The dependence of on ̃ is reported in Fig. S4E , for different maximum evapotranspiration rates and rooting depths. Fig. S4 summarizes also how the other plant traits are affected by the soil moisture threshold for leaf shedding, rooting depth, and maximum evapotranspiration rate. Figure S4 . Dependence of A) maximum photosynthetic rate per unit leaf area, , B) specific leaf area, , C) leaf area of the fully developed canopy, , D) N concentration per unit leaf area, , and E) expected leaf duration, , as a function of soil moisture threshold for leaf shedding, , for two different maximum evapotranspiration rates and rooting depths. All the parameters values are as in Table S2 . In E), the length of the wet season, , is represented as a term of comparison (red horizontal line).
No general relations are available to constrain other parameters, such as the evapotranspiration rate under well-watered conditions, , soil moisture thresholds for assimilation reduction and leaf loss ( * and ̃ respectively), and the active rooting depth, . includes losses via both soil water evaporation and transpiration, so the reduction in soil water evaporation under denser vegetation may partially compensate the increase in transpiration from the canopy. Furthermore, stomatal conductance under well-watered conditions is often lower for evergreen than drought-deciduous species, as a result of the longer leaf duration typical of evergreen species. Yet, the higher LAI expected for evergreen species may partially or fully compensate for this lower stomatal conductance. Given the high uncertainties amongst these relationships, for all the model simulation it is assumed that does not co-vary with leaf area index or leaf phenology, but it is controlled only by climatic conditions ( is approximated by the potential evapotranspiration rate).
The response of leaf level assimilation to declining water availability appears to be only marginally influenced by leaf phenological strategies, as shown by the statistically undistinguishable values of and * between phenological strategies (Fig. S2C) . Hence, the same values of and * were employed for evergreen and drought-deciduous species.
Finally, observations suggest that evergreen species generally have deeper roots than drought-deciduous ones (Eamus and Prior 2001) , unless local geological features limit root expansion downwards. The model simulations mostly focus on the case of no soil niche separation between evergreen and droughtdeciduous species, although the effects of a difference in rooting depth is assessed by means of a sensitivity analysis (Fig. 4 in the main text) . Table S2 summarizes the parameter values and relations used for the model simulations in the main text. Should the model be used to simulate a specific system where functional traits have been measured, observations can be used instead of the scaling relations discussed above. , and , are random variables. In this appendix, their probability density functions (pdfs) are derived, from which the ensemble average of the net C gain employed in the main text is determined. The resulting pdfs are summarized in Fig. S5 .
Figure S5
Probability density functions (pdfs) of soil moisture (A, B) and C assimilation rates during the wet (left) and dry seasons (right), for evergreen and drought-deciduous species within a homogeneous community (C, D), for a drought-deciduous individual entering an evergreen community (E, F), and for an evergreen individual entering a drought-deciduous community (E, F). Subscripts and indicate either drought-deciduous ( ) or evergreen species ( ). Pdfs for drought-deciduous species are represented in solid red lines, those for evergreen species in green dashed lines. Parameter values are summarized in Table S2 . Curves in panels A and B are similar but not overlapping. Discontinuities in the distributions in D and F are due to the piecewise linear approximation of the , ( 0 ) function (see SI3.4 and Fig. S6 for details) . The atoms of probability are not to scale with the continuous parts of the pdfs.
SI 3.1 Probability density function of soil moisture during the wet season
For evergreen species, the pdf of soil moisture under stochastic steady state can be obtained as 
where
and Γ(•,•) are the complete and incomplete gamma function respectively (Abramowitz and Stegun 1965) .
For drought-deciduous vegetation, however, a lower bound for soil moisture at ̃ is also present. When plants are leafless, the evapotranspiration rate is assumed to be negligible (Fig. S1A ) and thus soil moisture remains at the threshold for leaf shed, ̃ (red line in Fig. 1B in the main text) . As a consequence, the soil moisture stochastic process spends a finite amount of time at , and thus there is a finite probability of occurrence of =. Mathematically, this probability is described by a so-called 'atom of probability' in , in addition to the continuous part of the pdf for ∈ (, 1 ]. The analytical pdf can be obtained as detailed in Vico and Porporato (2010) . The time spent by the process between two generic levels of soil moisture is not changed by the presence of the atom of probability, hence the continuous part of the soil moisture pdf has the same functional shape of Equation (14), although with a different normalization constant (Vico and Porporato 2011): , ,
The atom of probability in =̃ is given by , ,
The normalization constant is obtained by imposing the condition 1 − , , Vico and Porporato 2011) The frequency of leaf shedding for the drought-deciduous species equals the frequency with which the threshold ̃ is crossed during soil drying in the wet season. Its average is . In this idealized description, it is assumed that leaves are flushed whenever soil moisture increases above . Hence, under stochastic steady state, the frequency of leaf shedding must equal the frequency of leaf flushing (Vico and Porporato 2010) and thus ℎ , , represents also the average frequency of leaf flushing during the wet season.
SI 3.2 Probability density function of soil moisture during the dry season
The dry season is assumed to be completely devoid of rainfall. Hence, in that period, the soil moisture follows a deterministic dry down, but starting from a random initial soil moisture level, 0 (Fig. 1B in  the main text) . 0 is the result of the random trajectories of soil moisture during the wet season (Equation (3)). Following Dralle and Thompson (2016) , 0 is treated as a stochastic variable, generated by the last significant rainfall event of the wet season. For a generic ≥ 0 (i.e., = for evergreen species and =̃ for drought-deciduous species), the pdf of 0 comprises a continuous part and an atom of probability in 0 = 1 , resulting from any last storm that brings soil moisture to saturation. Extending the model by Dralle and Thompson (2016) to the case of a generic , the continuous part of the pdf is obtained as
and the atom of probability as
The normalization constant 0 is obtained by imposing the condition 1
. Note that the atom of probability of =̃ (Equation (16)) spreads over the whole range of 0 as the result of the last storm of the dry season. Hence, the pdf of 0 does not have an atom of probability in . The resulting 0 ( 0 ) and associated atom of probability for drought-deciduous and evergreen species respectively are found as
where the latter equation recovers the result of Dralle and Thompson (2016) .
The temporal evolution of the soil moisture pdf can be obtained analytically as a derived distribution of Equations (17) and (18) for a generic leaf phenological strategy employing Equation (3). The result for evergreen vegetation can be found in Dralle and Thompson (2016) . Their method can be easily generalized to the case of drought-deciduous species, but the result is not reported here as not necessary in this contribution.
Finally, the pdf of the time of leaf shedding during the dry season (, i.e., the time at which soil moisture reaches ) can be obtained with the derived distribution approach starting from the pdf of 0 . The continuous part of the pdf of ̃ reads
The atom of probability captures the finite probability of reaching ̃ at
In other words, the atom associated to () represents the finite probability of beginning the dry season with 0 = 1 , and has thus mass �̃=, (18)). In general, ̃ may exceed the duration of the dry season (̃> ), in which case leaves would not be shed due to drought. However, this case is rare unless ≿ 11 months (as confirmed by a sensitivity analysis; not shown). For simplicity of notation, we focus here on cases when leaf shedding occurs.
SI 3.3 Cumulative C gain during the wet season
The pdf of the cumulative net C gain during the wet season is not easy to obtain analytically. Here we focus on its average only. We begin by considering the daily leaf assimilation rate, , . Its pdf can be obtained by means of the derived distribution approach employing Equation (5) as
The resulting pdfs are reported in the following sections for the different vegetation leaf strategies and summarized in Fig. S5 C,E. For each case, it is possible to obtain analytically the average daily net leaf level C assimilation, 〈
SI 3.4 Cumulative C gain during the dry season
The cumulative C gain over the dry down of duration can be calculated by integration of the instantaneous net C assimilation rate (Equation (6)) over the whole dry season, with soil moisture starting at 0 and declining following Equation (3). The resulting dry season total C gain depends on whether the initial soil moisture is above or below the stress threshold * and reads
For a homogeneous evergreen community, = . For a drought-deciduous species in homogeneous community or a drought-deciduous species invading an evergreen community, = � ,̃� , because the drought-deciduous individual may shed its leaves and hence stop assimilating C before the end of the dry season. Finally, for an evergreen individual in a droughtdeciduous community, it must be set =̃ in the above formulation, but an additional term must be considered when ̃< to account for the ability of the evergreen to exploit the soil moisture left by the drought-deciduous community after leaf shedding. This additional C uptake is independent of the soil moisture value at the beginning of the dry season and equals this contribution are based on a linearization of the function , ( 0 ) (Equation (28)). The comparison in Fig. S6 (solid vs. dashed lines) shows that such approach is adequate.
Figure S6
Cumulated net C assimilation during the dry season, as a function of soil moisture at the end of the wet season, 0 , for evergreen (dark green) and drought-deciduous (light red) species. The exact dependence (solid lines) is compared to the linearized dependence, employed to ensure analytical tractability (dashed lines). All the parameters are as in Table 2 .
S5 Analysis of selected transects
Two transects were selected for the comparison of observed dominant leaf phenology and the most productive one as determined by the proposed model: a west-east transect in South America running at latitude -7.25° and a south-north transect in Africa at longitude 22.75°.
Daily rainfall data for the period 1998-2015 were obtained from TRMM data (Huffman et al. 2010) at spatial resolution of 0.25°x0.25°. For each pixel, the rainfall parameters were extracted as follows. We determined the driest 30-day period over each 12-month period. The average across all years of the day of the year corresponding to the 15 th day in these 30-day driest periods was used as the beginning of the hydrologic year for the pixel. Starting from this date, for each year, the beginning and end of the wet season were determined as the days in which the cumulated annual rainfall reached the 15 th and 85 th percentile respectively.
for the location was then determined as the average duration of the period between the crossings of these percentiles. Finally, focusing on the wet season only, the average rainfall event depth and rainfall frequency were determined. Consecutive rainy days were considered as distinct events, with an inter-arrival interval of one day. The resulting rainfall parameters ( , and ) are plotted in Fig. 3 in the main text.
The rainfall parameters were used to drive the model and determine the average net C gain of homogeneous evergreen and drought-deciduous communities. The difference in net C gain between the two phenological strategies was compared with data of normalized fraction of evergreen woody species, derived from vegetation cover data (Defries et al. 2000) . The data, originally at a spatial resolution of ~1 km x 1 km (1/200° x 1/200°) were averaged over 0.25°x0.25° to match the resolution of the TRMM rainfall data. Considering only the pixels with woody vegetation >30%, the normalized fraction of evergreen vegetation was calculated as the ratio between the percentage of evergreen vegetation and the total woody (evergreen and drought-deciduous) vegetation.
S6 Exploration of the potential effects of active embolism repair
The results in the main text are based on the assumption of no hydraulic damage and/or no repair of such damage ( =0). Little information is available on the cost of embolism repair and how it may change with other plant traits. Here we consider both equal to a fraction of and independent of (and hence of phenology) and assess the role of the direct costs of repairing the embolyzed xylem. Fig. S7 shows the effects of the rainfall pattern on homogeneous evergreen and drought deciduous communities, for different assumptions on . When compared to the case of =0 (Fig. 2  D-F in the main text) , the introduction of a cost for hydraulic damage repair decreases 〈 〉. This reduction is more marked in evergreen species than drought deciduous species, even when represents the same fraction of (Fig. S7 A-F) . As a result, drought deciduousness becomes advantageous at larger compared to the case = 0 (i.e., the dashed white lines in the left column of Fig. S7 shift to the right when increasing ). This shift is more apparent when considering a fixed cost of embolism repair instead of assuming that is a fraction of ( = 2 μmol m -2 s -1 in Fig. S7 G-I) , because the longer leaf duration typical of evergreen species is associated with lower maximum CO 2 assimilation rate than drought deciduous species (Fig. S3A) .
Finally, Fig. S8 and S9 explore the tradeoffs among evergreen traits and cost of embolism repair and how they are impacted by rainfall pattern. In general, deeper roots in evergreen species can offset the higher costs of embolism repair potentially stemming from maintaining the leaves also during the dry periods (Fig. S8) . The positive effect is more marked in wetter climates (solid lines) and for longer wetter seasons (dark lines). Conversely, leaves with higher longevity have an opposite effect, because they have lower maximum assimilation rates, resulting in relatively higher repair costs and reduced C gains (Fig. S9) . Thus, long-lived leaves are associated with higher costs of embolism repair, in particular for shorter wet seasons.
Because of the limited process-understanding and the scarcity of data regarding the cost of embolism repair, it is difficult to come to a firm conclusion regarding the quantitative effect of . Despite these uncertainties, our results suggest that species shedding leaves and thus preventing cavitation (e.g., Wolfe et al. 2016 ) avoid xylem repairing costs and are thus expected to be favored under drier climatic conditions (darker shades in Fig. S8-S9 ). Specific measurements are needed to quantify the net effect of embolism repair on the plant C economy and how such cost increases with increasing levels of water stress, thus providing support for the choice of model structures and specific parameters. ), to 0.4 in D-F, and 2 μmol m -2 s -1 for both evergreen and drought deciduous species in G-I. All the other parameters are as in Table S2 . The gray areas correspond to conditions where rainfall frequency is unrealistically high; the shaded areas refer to leaf turnovers in drought-deciduous species shorter than 75 days. Climatic conditions to the right of and above the dashed white lines correspond to positive 〈 〉 in the left and central columns respectively, whereas in the right column they correspond to evergreen species performing better than drought deciduous ones.
Figure S8
Rooting depth of evergreen species, , , and maximum cost of embolism repair, for which evergreen and drought-deciduous species have the same average annual C gain 〈 〉, for different rainfall totals (solid lines, = 1200 mm; dashed lines, =600 mm) and different rainfall frequencies and durations of the wet season (shades; parameters are reported in the legend; in all cases, =12 mm). The plot region above each curve contains the trait combinations of the evergreen species for which a homogeneous evergreen community has a higher productivity than the droughtdeciduous one. Here = , = , , i.e., evergreen and drought deciduous have the same maximum cost of embolism repair, even though this cost corresponds to a larger fraction of in evergreen species because of their longer leaf durations and lower . All the other parameter values are summarized in Table S2 . ) and different rainfall frequencies and durations of the wet season (shades; parameters are reported in the legend). In all cases, = 1200 mm and =12 mm. The plot region above/to the right of each curve contains the trait combinations of the evergreen species for which a homogeneous evergreen community has a higher productivity than the drought-deciduous one (for = 0.4 and short durations of the wet seasons no trait combination considered in the plot results in evergreen being more productive than drought deciduous species). The traits values of drought-deciduous and evergreen species are summarized in Table S2 .
